A. % 





cp 1 303 056 A2 

eendes brevets 

— - :::rr,. 



aliTtlvmkROSI 

. 10 10 2001 US 974032 
OCT) Priority. 10.l«-« 

r 6N EBAUEUECTB.C COMPLY 

^SKSS 1 * ^345 (US) 

Saratoga Spr»ngs,Ne 
Niskayuna, New ^^^^ 



DaVenPOr l' D Ne« d Vo;K 12309 (US) 
Niskayuna, New J 

. VanStra»en N.c k A« York12019(US ) 
BaUston Lake n oodrufl 

,o^e Pedder, James v,u 



( a ,UVNB) communicat.ons ^ o-w^^Bpi. access ^techmqu 

UNA/B signaling using ^ 




3 

CO 
UO 

o 

CO 

o 

CO 



BEST AVAILABLE COPY 



EP 1 303 056 A2 



Description to tne transmission, re- 

Cedtoasimpuiserad.o.Theu.a ^ cyde of 

Son 01 two *W >»«® s known m M » 
?"f™oe »0 S.90* « 'C,;1o*-»«*" 

3SsS=rs»- 



3 ° SoT» « «^'" 0 * f Co S acoesa oapaoHv 
detail, by way of example, 

in9S, inWh ' Ch '" o, one representative 
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ther representa- 

enC6 ' «« one representative 

Fioures 3 is a block diagram of one rep. 

eSment of a receiver. 

6 ,a bl ocK d -.a 9 ram of anotner represent, 

re^^rnentofareceive, 

am of the power spectral dens-ty 
Figure 7 is a diagram of the p 

of a noise earner. 

noise earner. 

9 is a diagram of a modulated signal. 
Figures 9 is a a'<»y 

nf the outputs of the corre- 

10 ? 3 To^r tentative embodiment 
lato r multipliers of one rep 
of the receiver. 

m of the output of the Integra- 
codeword correlator. 



nected to the summer v 



Shapiro. ««• 1 ™ „ ec »al *«w ' ' , 20 

S dew hop «»»*; e "f a , mao»o. » T. 

1 iSi a the application and °ut-ng delays 
^ 0 i fl vs 1 60 can comprise u trans m»ssion cao e. . 
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, > 0 120 and the outputs of the 
the spectral shaping *«»™" a summer 170 and 
ted delays 160 are com ^ d u f nois e transmitted ref- 
sommed to produce a ot w instances o 

See signal that /*^£^by«-*^ 
the continuous no.se earner gen ^ an 

noise source 110 ^f'" ^ ave torm and the second 
undelayed continuous noise w Qf ^ at leas t 

instance compnses ™^* a ^ oft * s impressed wrth 
one of the continuous noise wa^ ^ 135 ^ e 

° he modulated deiay m& 175 ^ 

— «*J^KEd to the antenna 1 BO 
further filtering and then. 

and radiated. de divi sion mult.ple ac- 

100161 Delay hopping^ £ co ^ transrnitte d ^ 
cess (CDMA) of multiple access ca 

erence U\NB. A limited am transmi tt,ng and re 
oacity is available in TR ^ referen ce signals 

withseparatedelays. Arece.ve ^ transmitt ed 
will respond to «ce.ved cort' n & f af , ower ener- 
Teference signal at a separate ^ ^ 
gy ,evel than « would to coh ,n ^ de)ay lue . 
?pference signals transmitted^. diflere ntde- 
H Tever, when -"^JES^O. spurious 
"ays are present at the reefer f 

correlations betweer V^d^ttn-nBam* 
erence signal ongma ftng ds hose c hips repre- 

occur By using CDMA ^^^^^icity of relative 
sent a multiplicity of ^^^Snd the Won* 

St Emitted ^-^'SSSSa. 
K code word (also termed djjj^p ially . 

wod?36)cons te *^ 

(00181 Each of the N c cn 'P s d by a fixed t.me 
ndse transmitted reference separate J n 

nt^al. The *««"^ 
different chip intervals are, i a es are dis ,nct 

different delays. Note ^ that ^ he * P ^ of he 

both in associated delay ^value ^ ^ , s used 
transmitted chip. When a code wo be gent „ a 

o send one data bit-then i the data ^ Q , the 
one a" in^ ation - b TrSe code word polar* 

Koi Typical values of the ^^J^ 
£ The number *^" m £S£j*~* chip 
S range of 50 to 1000 ^ d rosecon ds. The t.me 
wi „ b e in the range of I to ^ noise tran9m m«i 
delays separating h ^ c ° nt sma „ se t of posstbte 
Terence signals . drawn ^ , undamen tal limitation 
time intervals. Wh, le th je» ^ the co ntmu- 

onthe duration of tne .me 



composed of 200 chips, w th delay ^ words 

10 6 possible delays. A I of these DH ^ ^ 

135 have autocorrelation jjde» va)ue Tne 

7 ,f of the peak autocorrelat on in a rela t,on 

properties. ture oi the receiver 300 « 

tDttll The top-level^ ^wer 300 for a transmitted 
depicted in Figure 3. The ^rec ^ de ^ consls ts of 
20 Urence/delay ^g^ected to antenna 3^ 
a bank of correlators^ correlators 
Each correlation. r .the ^J^e bank of correlators 

embodiment, the code word ^cor ation . sp ecrt- 
pSrammable logic dev.ee (PLD) ^ ^ ^ 

rantiertcell) and a f.n.te- me n g T 
n 7,s spl« into two paths, of wh.ch ^ ft d 

40 W o versions of the re^ J time. The defay 322 
^e product is the delayed circu.t path 

s such that the lead.ng pulse n jn ^ un de - 

is registered in 7^ Jo-mean' product s jj- 

55 Snsmitted code ^ f wa ^, matched to the en- 
effectof applyng I ag ™« word waveform to the ob 
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« the chip signal 
waveform, a mat *! ae0 Uherelatwe tinn.n9 
ple clocK and he « .^.^ chip J code 

high-SNB ve dimen t, the suu code 

code ?rf 3 to depicted uses a depicte d in 

^ TZde'ayed outputs ^ e ° su ^ed by 
same signs. The ' correlator are ^ 
^^an ^ded as ou*ut350 spec- - 
summer 344 A/O converters 330 n 342 
sampieper>od^ e ^ chip pe nod *^ , erne nted 
Wed * mStone embodiment al be i ^P 
in f igure 5 ma* «n e deVlC es, , n 

100251 >n Fig. h ^ d ° demod uiation to modrfy Anten . 
300 uses baseband o recewe d s jn 

Sthe correlate ^. wideb and This 

na2 ° 1 tSred and ampl^ and 20 3b 

bandpass Mtereo e m mixers * m . 3 s 

si ^ al ,S ^ Tea land imaginary P^ 0 ^ osC1 „ a tor is 
resulting m real a y 0 t the oc irnurn 

coding ^ D iU tbe '^^cnal from am- 
ch osen to app o»ma me received^ and 

plifier 202. l ne Wers ' The ou t- 

P 20 3b are filtered £ £ a and 21b, f-P****, * ith 
by time 0 in deW* * 1 a are tn en coj^ ^ 
oU » of delays 21 a ana and 203D u 

ato g multiply^ ^these correlators^ ™ 
analog outputs from ^ adder 2*^ £ and 
and added in subtracto ^ sub ^ 

, y . Tne resulting ,an«W 9 be an analog i^ un _ 
adder 221 can be seen the delayed ^ 50 

ot a complex correla^ comp iex baseband J g 
delayed vers ions of th Thedl « e rence output ° ^ ^ 
^ ers203 t a h rreal part, and the «J*^co«** 

ed signal- 2 ^ edbv ADCs Oaand ^ 

integration which s<ig are sent* 

(0026] The dl f ' arece werwithmult.plede J . 

nels, then the item 



8 

>6A2 ^^re for each differ- 

entdelay chan el a ^. f(er 2Q2i mixers^ ^ 
of antenna 201 amp ^ 2 <* an ^ ^ 
local osoUator M P Q , Bgur e 6 « torrne d 

phase angle ano a k and 21UD- (eX 

^^ va I e :rphSeangfeofa^ 
0 , estimating J*P an . ntorrnatl on seq 

vaWeS m A^e7 through the " se ^J^ection of the 
performed either ^ ™ e . C °' C s 210a and 

or by squann th > P ^ output of ADCs , ^ 

P hase a r,ontertedto arealnum^ ^ ADC s 
2l0btobeconverte ^ calculated ^ 

depends on the Ph data s0 pwduoj^ ses 0 , 

210a and 2l0b^n ding upon the reia fee 

Wv eornegatwe.depe puige a nd e 

the pulses in the r ec ^ q ^ analog^ ^ 

Ured are regu.^n th by ^ the de ay c var . 

5q converter can be tion , a ga^ channel 

Note also that add> delays per receiv 

ia tions is requrred mu^ P each de ay 

L be implemented. For once wth wn 

S- be detaV r2m a -St For 

ce>ay. ^f t ; e *ominal delay P»us * e J ays ,or each 
once w,th i er being traced, the bjt ener . 

each transmitter o com panson 
C bannel could be to lP - ia 6 is operated by 

9 ,eS ' , *nce the receiver 300 0 Fig. { at a 

100291 sm f r,; t Qcorrelation of the tnp ^ 
comP^ the a ^r ^ also compute ^ 

certain lag, * a f same lag of any " 0,se * a a Uag * 
correlafc r ?tlTe noise autocorrelat.on g g ^ 
the signal- If the no* oftseu , lily . 

autocorrelatron that . p one of J relatto n 

This effect can be c^ ^ ^ ^ ^ delays 
which require ^ * te t0 specify the nam d 
Tunction.The Irf J «^ autocorrel^ va , 

tro m the < re <^mit the noise. spe ctral 
,iUers that band W« conside r the ^o*e v g 

10° 30 ^ AS , «J in F^ure 7. This examP^ 
'densities plotted >n F 9 ^ po^er spect 
noise carrier. Figure 7 g 2 giga h e rU 

a"° acent ! Sutated earner. fo^y v 
FIR Ulter, with the oe 
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TR/OH CDMA 

chips, each inv 65 nan0 seconds, w ^ sho wn»n 
one of tour W*V£i 4 . 6 5 nanoseconds^ As 
3 . 6 5 nanoseconds ana ^ q< th TWW be 
Fl9 . 8 , the s-delobe ev U sh ^ 

a P preCiate p f Q 8canbetmeredoutus>ng f ^ ^ 
shown >n F*. 8 ^ ict tne vanous > stag ^ ^ 

,00311 . *0J ^ 2 nois ; signal ^asp jsy ^ 

adulation of the n g js g portion of m & du . 

picte d in Figures- Fig seg ment deP^d )5 

naiing " ave1 °™ ^nds. Figure 10 deP^* 320 . 
ration of 25 nanoseco" ^ Q correla ^ 
o, the four mumpers i q{ correlators 320 ^ 
Each correlator ^ the b ^ Bgure 4^ I 

example, the structure d I ^ lcr oseconos dunng „ 

tt, e transm.ss.on ot p)aC The fou P ^ 

tl0 n 9.6 «w cr08 f^d to the four delays used in 

ulation: 1 .65 nan anos econds. .« avvay from 25 
nose conds an^na m h « a« V q ^ 

levels of *^5£.., these ^^^cts the out- 
zero at certain » , F , gu re 11 °eP r S . 
times of the trans^ v ^^e-p ^ artemg 
V*. of the four ch . p waveform 30 

P Thewavefonms^ 

sh ortestto longest Med *«P- ™" depicte d in 
the polarity of the « fre wave 1oms a v fre 

"°< d ^ Tor exJmPle, ^^* Q *-«* 40 
Fig^ e 11 n ;° 0 produce an sitW e. Figure 

first channel to pr waveto rm a £ > 340 

3 and the potarty or code c orr 

« shows the output o a D g ^ inp ut con 
0 <thetypedep.c^ F g in Figu r 1 ^ 

relatwety short code ^ wl , a ve up ^ 

a thousand ch^. main lobe lev 

l ute sidelobe level top , lOUS aspects of 



AO 

reform ^^oS^ 
Q uentially vansmnsaw comprising 

(30 0) comprising- 



invention are ^ 

> fl tion system comprising- 
, A radio communication sy 

«™«na a plural' 



.radio commune 
a^erOOOj.^ 55 



,\ compr»-a- 

e ,o201 each correlator 

prising- 

. r „ (322) for r™ fti P lvm9 , 
received signal, and dtQtne 

an ,n r a 322??^ gating an s.g- 
multipHer (322 |« (322Vi 
nal output by be mu P onnec . 

a code word correlate t forcorre , at . 
r^rS&cUpon^ 

to 9 theN c chips- 
2 The radio ^^^) 

* e ^ssor tan r£SK£ 

a digital ^ff'^thm correlating the cod 
w0 rd correlator alg°r hips . 
,35) corresponding ause 

TV , e radio communication sys comprises 
3 - Th „ te code word correlator 13 ) a 

word(1 } . ^tem of Clause 1. 

Mio communication ^ co mprises 
4. The radio com rrela tor (340) or 

^ erein *? pec^ntegrated *^££«l 
a n ap P «cat.on , algor^or 

herein the re a rece ived signal 

comprising- 
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. ^.o delay both the real 
a d e»ay(2la)ada^ed^V 

and imaginary parte of m ed t0 tne 

a signal mutt.pU f^er (22a) be- 
delay (21a), the ^^ex muW*- 5 
• ing adapted to perform £ w signa , 
cationof adirectpa ho the patn 

by a complex fjj^ herein the in- 

J the received »gna anj 

tegrator (326) part and an- <° 

mo) tor delaying at,e ** tne time interval D, 
^^^^ » 

continuous no.se tran ' an u nde- 

lerein a first ^^tted waveform 
lay ed continuous no.se a delayed 
2d the second -stance - d P wave{o corn . 

extern of Clause 7 
communication s y sie a filter 

8 ' r fhP transmitter (100) comp seS J s c . 

tratty shaping the 
waveform. 



50 



waveform. ? 

^/ctpm of Clause 

band noise source. Q< cla use 7 

ra ndom noise source ^ ^ 



bv the pseudorandom noise source. 
ef at,onbytheP 1 

„ The radio "^^2T«n comprise 
herein the 

'"J STE smiths delay, a ^ ^ among 
^ S oemodulatior £J output has the 

nigne st energy .nrespon 

nominal delay. 

• rieb and communication system com 

13 An ultra widebanac 

^ a transmitter (100) 

"continuous noise ^^mitted data .s 
rated by a time interval/ u i, insta nces 

J coded by *«-*$22£»» transmitted 
of the plural of conftnuc sequentl ally 

wherein the W"^ ^ comprising N c 
Transmits a code word £ n ^.^ g 
chips, each of the Nc W ' se parated 

comprising; (110 ) for generating 

M-IO) for delaying atl ^ b the time interval D, 
continuous noisecarne^sby t 

an information ™ odul J°' i 'the code word 

M38) into at least one o and 
( u0U s noise transmuted wave 
a summer C °h the ntse source (110) for 
modulator (130) and the no, ^ ot 

Tombining the ^"J^ waveforms 
continuous nose ™ ^ jses w u nde- 
wn erein a first '^ transmitted waveform 
laye d continuous n ^ e J comp rises a delayed 

*d the -- ^^ corn- 
continuous no.se te n s 0rd(i35) . 

(300) comprising. 



,) CUHiH' * 

f coo>i each correlator 

P risin9 "' ,■ , (122) for multiplying delayed 
signal; and 
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__~«-ri. ini( 



10 



15 



. The u n» T^S^"' " ' 

during generation by 
steps of: 



oenerating a plural 

mmed waveform continuous no<se 

slaving at (east one u inte rval, D, 

modulatingacodeworomt ise tra nsm.t- 
T a t»easioneot*eoonjnu Q|npns . 

t wavers where, ^ ^prising 

transmitting a sum d » vansm med wave- 
ra«W ol continuo- combes anu- „ 

forms wherein a first m srnltt ed wave 

dSyed continuous no.se « ^ the 

ted waveforms. 

, of Ciausel7furtriercompns.ng*e 

18 . The method of Claus 

StePS ° V ' , m of two instances 

o, the P^'fV °' 2 having time interval, D. 
waveforms to a delay 



14 

,7further comprising the 

relator algonthm.funn sions of the 

^17 wherein 



55 



tflQ ita\ inputs . nthe stepot 
« 17 wherein the 

, nause 17 wherein the step 

recewmgfurth ^ 

oaseband jSo instances* 

convert the noise transmitted 

* e p,UraW \o reai and imaginary parts of a 
waveforms to rea 

C0 mplex output, an(J parts 
delaying both tne » c 

» compl« «** mu „lp»c«or. ol a *«» 



B 
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oduced by the 

haS the highest energy 

Sl0 n at the nom.nal delay. ^ 

28.Amethodofco^ the 
transmitted waveform, tn 

steps of : 



16 

a transmitter 0°°^^^ 

continuous no,se tansm>tte 

rat ed by a tune nterv*. ^ q{ wo instan ces 

encoded by a » transrTll tted 

o, the plurality of conwuo r { ^ Q) 

wa veform herein the } cornp „s- 

quentiailytransm^sacoae ^pnsmg 

^^^sntse t a smiled waveform sep- 
a continuous noise w d 

(300) comprising- 



s of. 

fitted waveform us-ng 

source; , continuous noise 

delaying at leas one of I * D; 

tra nsmitted wavefonn by deiayed instanC e 
adulating a <» de ^ uous noise transm* 
ot at least one olthe ^ s 
ted waveform where n *e cornpr is.ng a 
eS N < ChiP !'S e a s-Sed waveform sepa- 

emitting a sum of W med w ave- 

rality of continU S in 2ncecomprisesanun- 
formswhere.n ai«rst«r^a itted wave- 

delayed continuous no,se tne 
to rm and the second ms ^ q( ^ 

^modulated oode^, o1 tne plu . 

S^^roise transmitted wave- ^ 

of the plurality °« c^nuou Q; 
waveforms to a ^^^^ayed versions of 
Implying delayed and ^ q , ^ plura , 

rtv of continuous no se r and unde - 

iegrating the jjj 1 ^ s um of two £ 

JaCitted -^rtord n corresponding to the 
Sore^^rontinuousnoisetransm, 

ted waveforms. 
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Claims 



I) compnbinvj- 

, > «H20^ each correlator 

prising'- 

. r r «a» tor multiplying de- 

rweWed T(326? connected to the 
an i nt ?!^22??or integrating an s.g- 
multiplier (322V. 

to the N c chips- 

of Claim 1. where- 
Theradiocommunicationsy^ 

signa , processor (DSH ^ code word (135) 
^oS-eNcChip, 

ot Claim 1, where - 
Theradiocommunicationsystem jses a 

{"^ code word correlator^ [340) & 

r awidebandcommunicationsystemcom P ri, 

.transmitter 0° 0 >^ 

continuous no.se t ansmme data , s 

rated by a time interval/ u i, insta nces 

: foded by a transmitted 

of the plurality of contnuou entia Hy 

wherein the ^^35 comprising He 

transmits a code word a con- 
chips, each of ^ e ^ tt C e h d P wavef orm separated 

comprising; 
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MO) for generating 

(110 ) tor delaying atle ^° the time interval D, 
SoJnuou.^^^ connected to 
an information ™° d ^, ating the code word 
Z deiav (160) or ^ 0^ tin . 

(13 5) into at least °^ d ° wave forms; and 
uous noise tranced : nfo rmation 

a summer (170) "^J*,, so urce 1110) for 
modulator (130) and >** no, ^ 0 
Combining the ^an^itted waveforms 
continuous no* « ises a n unde 

herein a first 'n^ tfarusmitt ed waveform 
lay ed continuous "^^prises a delayed 

and the second ^f^aveform com- 
continuous no.se ^nsm ord(135) . 

(300) comprising. 



25 



30 



35 9. 



,-<v?o\ each correlator 

prising; multiplying delayed 

pner(322)for'ntegra«ng 

by the murtiP>' er (32j). ne cted to 

a'code word correlate ^J at . nglhe d 

the integrator (326) for ^ Nc chips . 
word (135) corresponding 

svstem of Claim 
band noise source. ^ 

9 mme d waveforms, con «nuous no,se 

delaying at least one o D , 
ua nsmitted ^ a ^ d - nt o a delayed instance 
mod u1ating ^^f^nuousnoiseuansm^ 

ted waveforms wherein tn 



delay* oo*oo* ^aes me 

forms; and . corre sponding to the 

correlating sum of two instanc- 

S^aSoTcUucusnoisetransm, 

ted waveforms. 

° f ' , m nf two instances 

ol die pwalW °' ™" L v « 9 lime mwvel. 0. 
.aeetome to • ^delayed »««»« ° 

l**wo delayed and on o , me Mat 

S"endd«lweve.orme. 



15 



transmit — 

wssassrotsai:.. 

Redetermined value. 

o continuous noise 

/^-^ 

steps of' 

Jutted waveform us.ng 
source; , the continuous noise 

delaying at leas one of it interval, D; 
transmitted waveformPy yed . nstance 

adulating a cod ■ ^ uous n oise transmrt- 
0{ at least one of the cormn <jompn8 . 
t waveform wherein the co ^ 
e^c^SsetrsmWed waveform sep- 

forms wherein af.rstinstan ed wa ve- 

r:^;«-oo--- 



45 



50 
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Treated cod< , word; q{ ^ plu . 

luiplymg delayed a^d jndjj^ q{ ^ ^ 
*e received sum dW> n w 

ot continuous no e tra ^ und 

integrating the nwjj ^ surn oi two £ 

correlating the codewo d rf ^ 
te d waveforms. 
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